Fracture mechanics and electron microscopy studies were systematically conducted on a dense Si3N4 material reinforced with high-aspect-ratio
ry fracture is generally considered as an imperative requirement to achieve some toughening effect. As a matter of fact, avoiding cleavage fracture of the grains allows to activate extrinsic micromechanisms shielding the crack faces behind a "brittle" (i.e., atomically sharp) crack tip.5),6) The toughening effect obtainable in ceramic polycrystals, which un dergo grain-boundary fracture is also proved to be noticeably enhanced by the presence of grains with elongated shape.7) It is beyond the scope of this paper to provide a comprehensive description of the micromechanisms of toughening in ceramics, a topic recently reviewed by Evans4) and Becher.8) It is, however, matter of some concern here that the highest toughness data achieved so far in polycrystal line ceramics (with elongated microstructures) through the reduction of the grain-boundary cohe sive strength, although strongly improved with respect to those of the respective single-crystals, are still to be considered quite low as compared to even "brittle" metals , which apparently fail by the same grain-boundary fracture mechanism. As an example, we shall refer to data for high-purity (covalent) poly crystalline ceramics such as Si3N4 and SiC, which As shown in Fig. 1 , a peculiarity of the F-doped SiO2 structure may reside in the presence of non bridging Si-F bonds which result from the replace ment of one O2-ion by two F ions to compensate for ionic valency. Although F and O atoms have almost identical ionic radii (0.132nm against 0.133 nm), the incorporation of two F ions for each O2 -ion is likely to lead to the detected (slight) increase in grain-boundary film thickness. Important micro mechanical consequences can be related to the modification of the SiO2-glass structure by F. Non bridging Si-F bonds may weaken the cohesive strength of the interfaces leading to easier cracking. Quenching the composites doped with F also produced a reduction in toughness.
However, some interesting features were revealed by quantitative 
Conclusion
In conclusion, the present study provides clear evi dence that segregation of impurities, which is thought to produce non-bridging bonds and act as structural modifiers of the intergranular glassy phase in Si3N4 ceramics (e.g., fluorine in SiO2), can remarkably weaken the cohesive strength of internal interfaces. This phenomenon promotes debonding processes ahead of the crack tip and, thus, leads to some crack-wake toughening effect, once intact elon gated grains are left unf ractured behind the tip of the advancing crack. Optimum interfacial cohesive energies for toughening were found to be comprised within the range of 1-5J/m2, namely a about 0.5-10 times lower value compared to the intrinsic fracture energy of the individual grains of the polycrystal. The benefit in toughness arising from weakening the interfacial strength, however, appears to be physical ly limited to an increase of about one order of magni tude (in WOF), as compared with a completely trans granular crack path (i.e., to the bulk WOF value of the individual grains of the polycrystal). Further more, the approach for pursuing high toughness by weakening the internal interfaces in Si3N4-based cer amics seems to be uncompatible with the high stiff ness values which are often required in structural ap plications.
